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(54) DATA COMMUNICATION DEVICE

(57) A data communication device to provide can
have stable communication quality. Data communication
device (11) according to the present disclosure includes
a fitting surface and an outer surface opposite from the
fitting surface. Data communication device (11) also in-
cludes belt (22), buckle (23), a communication electrode,
and a communication unit. Belt (22) is joined to buckle
(23) The communication electrode is formed at belt (22)
or buckle (23) to be exposed at the fitting surface. The
communication unit is electrically connected to the com-
munication electrode. Buckle (23) includes a buckle
mechanism. Because of this structure, belt (22) can be
set to have a right length. Therefore, a reduced clearance
can be achieved between the communication electrode
and a human body when data communication device (11)
is put on. FIG. 2
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a wearable
data communication device that is fitted to a part of a
human body when used.

BACKGROUND ART

[0002] A conventional wearable data communication
device is hereinafter described. The conventional wear-
able data communication device includes a body case,
a communication unit, a communication electrode, a
ground electrode, a belt, and a buckle. The communica-
tion unit is housed in the body case. The communication
electrode comes into contact with a human body and
transmits and receives communication signals. The belt
is joined to the body case. The ground electrode is formed
at a leading portion of the belt. A connection between the
ground electrode and the communication unit and a con-
nection between the communication electrode and the
communication unit are made by, for example, wires rout-
ed inside the belt.
[0003] When such a data communication device is put
on the human body, the belt is worn around a human
body part such as an arm. The belt is fastened with the
buckle and thus is kept attached to the human body. Pro-
vided near a leading edge of the belt are a plurality of pin
holes. The buckle, on the other hand, includes a metal
ring and a pin. The pin spans the ring. When the data
communication device is put on the human body, with
the leading edge of the belt passed through the ring, the
pin is inserted into the pin hole that adjusts the belt to a
specified length. The data communication device com-
municates with a communication control device via the
human body when the communication control device is
touched by, for example, a finger or a palm. To this end,
the communication electrode and the ground electrode
both touch the human body. In other words, the commu-
nication electrode and the ground electrode are both dis-
posed on the same side as the case’s surface of contact
with the human body.
[0004] PTLs 1 and 2 are known examples of prior art
literature on a wearable data communication device such
as described above as being relevant to the present dis-
closure.

Citation List

Patent Literatures

[0005]

PTL 1: Unexamined Japanese Patent Publication
No. 2006-239716
PTL 2: Unexamined Japanese Patent Publication
No. 2003-134009

SUMMARY OF THE INVENTION

[0006] In the case of the above-described conventional
data communication device, however, the belt length ad-
justment is restricted by pin hole position. Therefore, the
belt may not be adjusted to a length that allows the com-
munication electrode to touch skin of a wearer. For a
typical belt, a belt portion to be joined to a buckle can be
cut off so that belt has an adjusted length. However, be-
cause of the wires routed inside the belt, a belt portion
cannot be cut off for an adjusted length. Consequently,
a great clearance may problematically be caused be-
tween the communication electrode and the human body,
depending on the wearer.
[0007] Since the communication electrode and the
ground electrode of the above-described conventional
data communication device are both disposed on the side
that the case touches the human body, there is a close
distance between the communication electrode and the
ground electrode. Accordingly, signals output from a
transmission electrode or signals to be received by the
transmission electrode flow toward the ground electrode,
thus problematically causing poor communication sensi-
tivity between the data communication device and the
communication control device.
[0008] The present disclosure overcomes these prob-
lems, and an object of the present disclosure is to provide
a data communication device that enables a reduced
clearance between a communication electrode and a hu-
man body and can have stable communication quality
together with satisfactory communication sensitivity be-
tween the data communication device and a communi-
cation control device.
[0009] To achieve this object, a data communication
device according to one aspect of the present disclosure
includes a fitting surface and an outer surface. The outer
surface is positioned opposite the fitting surface. The da-
ta communication device also includes a buckle, a belt,
a communication electrode, and a communication unit.
The belt is joined to the buckle. The communication elec-
trode is formed at the belt or the buckle to be exposed
at the fitting surface. The communication unit is electri-
cally connected to the communication electrode. In the
above structure, the buckle includes a buckle mecha-
nism. The above structure can achieve the intended ob-
ject.
[0010] A data communication device according to an-
other aspect of the present disclosure includes a body,
a belt, a power source, a communication unit, a commu-
nication electrode, and a ground electrode of plate shape.
The body case includes a bottom face and a side face.
The belt is joined to the body case at the side face of the
body case. The power source is housed in the body case.
The communication unit is driven by the power source.
The communication electrode is connected to the com-
munication unit and is exposed at the bottom face of the
body case. The ground electrode is connected to a
ground of the communication unit inside the body. The
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belt at least partly includes an insulator. The ground elec-
trode includes a second surface that extends out of the
body case to face a first plane extending, as an extension
of a surface of the communication electrode, beyond the
body case. The second surface is covered by the insu-
lator. This structure can achieve the intended object.
[0011] As described above, the buckle of the present
disclosure has the buckle mechanism, so that length of
the belt can be adjusted freely. Because the belt can be
set to have a length that is right for a wearer, a reduced
clearance can be achieved between the communication
electrode and a human body when the wearer puts on
the data communication device. As a result, the data
communication device provided can have stable com-
munication quality.
[0012] The insulator can prevent the ground electrode
from directly touching the human body when the data
communication device according to the present disclo-
sure is fitted to the human body. Therefore, signals output
from a transmission electrode or signals to be received
by the transmission electrode do not easily flow toward
the ground electrode. Consequently, improved commu-
nication sensitivity is achieved between the data com-
munication device and a communication control device.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is a conceptual diagram of a data communi-
cation system according to an exemplary embodi-
ment of the present disclosure.
FIG. 2 is a block diagram of a data communication
device according to the exemplary embodiment of
the present disclosure.
FIG. 3 is a conceptual diagram of the data commu-
nication device according to the exemplary embod-
iment of the present disclosure.
FIG. 4 is an exploded perspective view of the data
communication device according to the exemplary
embodiment of the present disclosure.
FIG. 5 is a front view looking at a front face of the
data communication device according to the exem-
plary embodiment of the present disclosure.
FIG. 6 is a right side view of the data communication
device according to the exemplary embodiment of
the present disclosure.
FIG. 7 is a left side view of the data communication
device according to the exemplary embodiment of
the present disclosure.
FIG. 8 is a top view of the data communication device
according to the exemplary embodiment of the
present disclosure.
FIG. 9 is a bottom view of the data communication
device according to the exemplary embodiment of
the present disclosure.
FIG. 10 is a rear view looking at a fitting surface of
the data communication device according to the ex-

emplary embodiment of the present disclosure.
FIG. 11 is a perspective view of the data communi-
cation device according to the exemplary embodi-
ment of the present disclosure.
FIG. 12 is a perspective view illustrating the data
communication device with a belt fastened accord-
ing to the exemplary embodiment of the present dis-
closure.
FIG. 13 is a perspective view of a data communica-
tion device variation according to the exemplary em-
bodiment of the present disclosure.
FIG. 14 is an exploded perspective view of the data
communication device variation according to the ex-
emplary embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENT

[0014] Before a data communication device according
to an exemplary embodiment of the present disclosure
is described, a data communication system that allows
communication using the data communication device is
described below. FIG. 1 is a conceptual diagram of data
communication system 1001. Data communication sys-
tem 1001 includes data communication device 11 and
communication control device 1002.
[0015] Communication control device 1002 includes
communication electrode 1002a, ground electrode
1002b, and communication unit 1002c. Communication
electrode 1002a is connected to communication unit
1002c. Ground electrode 1002b and a ground terminal
(not illustrated) of communication unit 1002c are both
connected to ground 1003.
[0016] Data communication device 11, on the other
hand, is put on wearer 1004. Data communication device
11 is put on wearer’s arm 1004a, for example. FIG. 3 is
a conceptual diagram of data communication device 11.
As illustrated in FIG. 3, data communication device 11
includes fitting surface 11a and outer surface 11b. Outer
surface 11b is positioned opposite fitting surface 11a.
Data communication device 11 is put on arm 1004a with
fitting surface 11a facing arm 1004a. In this case, wearer
1004 touches communication electrode 1002a with hand
1004c. Thus communication is established between data
communication device 11 and communication control de-
vice 1002. The communication between data communi-
cation device 11 and communication control device 1002
is established via a body of wearer 1004. It is to be noted
that wearer 1004 only has to touch communication elec-
trode 1002a with a palm, a back of the hand, or finger
1004b. To touch communication electrode 1002a, wear-
er 1004 may use, for example, arm 1004a, specifically
an elbow, so that the part of hand 1004c is not limiting.
In all cases, wearer 1004 touches communication elec-
trode 1002a with the body part close to where data com-
munication device 11 is put on. It is also to be noted that
something may be interposed between finger 1004b and
communication electrode 1002a as long as communica-
tion is possible, so that direct touching of communication
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electrode 1002a by wearer 1004 is not limiting.
[0017] When wearer 1004 touches communication
electrode 1002a with finger 1004b, data communication
device 11 and communication control device 1002 com-
municate with each other via arm 1004a, hand 1004c,
and finger 1004b. In other words, a body part extending
from arm 1004a to finger 1004b serves as a path of com-
munication between data communication device 11 and
communication control device 1002.
[0018] Since data communication device 11 is put on
wearer 1004 as described above, data communication
device 11 cannot be connected directly to a ground or
the like by a ground wire, for example. Therefore, data
communication device 11 is generally ungrounded when
operating. In other words, data communication device 11
is put in a floating state in terms of potential. Data com-
munication device 11 may be put on a body part such as
a leg or a trunk, so that arm 1004a is not limiting.
[0019] Wearer 1004 generally touches communication
control device 1002 with finger 1004b or hand 1004c
when intending to give instructions to communication
control device 1002. Therefore, data communication de-
vice 11 is put on arm 1004a to be in close proximity to
finger 1004b or hand 1004c. Because of this configura-
tion, even when communication control device 1002 is
touched by finger 1004b, data communication device 11
is relatively close to ground electrode 1002b. Thus data
communication device 11 can be grounded via space
between data communication device 11 and ground elec-
trode 1002b.
[0020] Data communication device 11 according to the
present exemplary embodiment is hereinafter described
with reference to the drawings. FIG. 2 is a circuit block
diagram of data communication device 11. Data commu-
nication device 11 includes power source 12, communi-
cation unit 13, and communication antenna 14. Commu-
nication antenna 14 includes communication electrode
(Hot electrode) 15 and planar ground electrode (Cold
electrode) 16. Communication unit 13 is driven by power
source 12. Communication electrode 15 is connected to
communication unit 13. Communication unit 13 transmits
communication signals to communication electrode 15.
Alternatively, communication unit 13 receives communi-
cation signals from communication electrode 15. Ground
electrode 16, on the other hand, is connected to ground
17 of communication unit 13.
[0021] Data communication device 11 thus configured
is put on the body of wearer 1004. Data communication
device 11 includes fitting surface 11a and outer surface
11b. Outer surface 11b is positioned opposite fitting sur-
face 11a. Here data communication device 11 is put on
with fitting surface 11a facing the body of wearer 1004.
When such data communication device 11 is put on, com-
munication electrode 15 faces the human body. In other
words, data communication device 11 includes this sur-
face provided with communication electrode 15, and fit-
ting surface 11a refers to this surface. The communica-
tion signals from communication electrode 15 thus fitted

to wearer 1004 are transmitted to communication control
device 1002 via the body of wearer 1004. On the other
hand, the communication signals transmitted from com-
munication control device 1002 are received by commu-
nication electrode 15 via the body of wearer 1004.
[0022] It is preferable that communication electrode 15
directly touch the body of wearer 1004 when data com-
munication device 11 is put on. In this way, communica-
tion signal loss can be reduced. Therefore, communica-
tion is stable between data communication device 11 and
communication control device 1002. It is to be noted that
there may be a small clearance between surface 15a of
communication electrode 15 and the human body, so
that direct touching of the human body by surface 15a is
not limiting. A thin dress or the like may also be interposed
between the human body and communication electrode
15. In these cases, however, increased stray capacitance
between communication electrode 15 and the body of
wearer 1004 causes communication signal attenuation.
Therefore, a thickness of the dress or a distance across
the clearance may be such that a predetermined level of
electric field strength or more can be secured at commu-
nication electrode 1002a.
[0023] FIG. 3 is a conceptual diagram of data commu-
nication device 11. Data communication device 11 in-
cludes body case 21 and belt 22. Data communication
device 11 is held to arm 1004a when belt 22 is fastened.
Therefore, belt 22 is worn around arm 1004a and is fas-
tened at its leading end with an immobilizing assembly
(described later), thus being fitted and held to arm 1004a.
To avoid complication, FIG. 3 does not illustrate ground
17.
[0024] Power source 12 and communication unit 13
are housed in body case 21. Body case 21 includes bot-
tom face 21a and side face 21b. Belt 22 is joined to body
case 21 at side face 21b of body case 21. The belt at
least partly includes insulator 22a. Data communication
device 11 is put on with bottom face 21a facing arm
1004a. This means that bottom face 21a of body case
21 is included in the fitting surface.
[0025] Communication electrode 15 is provided to be
exposed at bottom face 21a of body case 21. On the
other hand, one end of ground electrode 16 is connected
to ground 17 inside body case 21. Ground electrode 16
extends from inside body case 21 to have its opposite
end outside body case 21. Ground electrode 16 is dis-
posed to face plane 15b that extends, as an extension
of surface 15a of communication electrode 15, beyond
body case 21 (or from bottom face 21a). Ground elec-
trode 16 includes an extending part positioned outside
body case 21, and this extending part includes surface
16a facing plane 15b. Surface 16a is covered by insulator
22a. Because of this structure, a surface of insulator 22a
that is closer to surface 16a of ground electrode 16 is
included in the fitting surface. In other words, a belt side
facing plane 15b serves as fitting surface 11a. With body
case 21 being put on arm 1004a by means of belt 22,
insulator 22a of belt 22 is interposed between (surface
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16a of) ground electrode 16 and arm 1004a.
[0026] Because of the above structure, insulator 22a
can prevent ground electrode 16 from directly touching
wearer 1004 when wearer 1004 puts on data communi-
cation device 11. Therefore, signals output from a trans-
mission electrode or signals to be received by the trans-
mission electrode do not easily flow toward the ground
electrode. Consequently, improved communication sen-
sitivity is achieved between data communication device
11 and communication control device 1002.
[0027] Data communication device 11 is hereinafter
described in more detail. Power source 12 is preferably
a secondary battery. This structure can eliminate battery
replacements and thus is advantageous in terms of wa-
terproofness. It is to be noted that power source 12 is not
limited to the secondary battery and may be a primary
battery.
[0028] Communication unit 13 may include those in-
cluding transmitter 13a, receiver 13b, control circuit 13c,
memory 13d, and switch (SW) 13e. Communication elec-
trode 15 is connected to an input and an output terminal
of switch 13e. The input terminal of switch 13e is con-
nected to an output of transmitter 13a. The output termi-
nal of switch 13e, on the other hand, is connected to an
input of receiver 13b. Switch 13e switches between re-
ception and transmission. For reception, switch 13e elec-
trically connects communication electrode 15 and receiv-
er 13b. For transmission, switch 13e electrically connects
communication electrode 15 and transmitter 13a. Mem-
ory 13d stores those including identification data (ID data)
that identifies, for example, the wearer or the data com-
munication device. Control circuit 13c obtains these data
from memory 13d and transmits these data to transmitter
13a. On the other hand, receiver 13b receives, for exam-
ple, response signals from communication control device
1002. The response signal is indicative of, for example,
normal reception of a communication transmitted from
data communication device 11 by communication control
device 1002.
[0029] FIG. 4 is an exploded perspective view of data
communication device 11. FIG. 5 is a front view looking
at outer surface 11b of data communication device 11.
FIG. 6 is a right side view of data communication device
11. FIG. 7 is a left side view of data communication device
11. FIG. 8 is a top view of data communication device
11. FIG. 9 is a bottom view of data communication device
11. FIG. 10 is a rear view looking at fitting surface 11a
of data communication device 11.
[0030] Data communication device 11 may also in-
clude external input and output interface (input and out-
put I/F) 18 and display unit 19. External input and output
18 and display unit 19 are housed in body case 21. Dis-
play unit 19 is caused by a control signal from control
circuit 13c to light up. Display unit 19 lights up when, for
example, a communication signal is transmitted normally
from transmitter 13a. Alternatively, display unit 19 lights
up when a response signal is received from receiver 13b.
This configuration enables the wearer to be aware of

completion of normal communication between data com-
munication device 11 and communication control device
1002. Data communication device 11 can also import
external data for transmission to communication control
device 1002. If data communication device 11 includes
external input and output interface 18, power source 12
can also be supplied with power from an external device
via a Universal Serial Bus (USB) cable to be charged.
[0031] Since belt 22 is worn around arm 1004a, belt
22 is made of a flexible material. Also ground electrode
16 is flexible. To be flexible, ground electrode 16 is
formed of, for example, a thin metal plate. Alternatively,
ground electrode 16 may be made of copper foil that is
used for a flexible substrate.
[0032] Ground electrode 16 is preferably covered by
insulator 22a also at surface 16b opposite from surface
16a. Because of this structure, ground electrode 16 is
contained inside belt 22. Accordingly, unexpected con-
tact between a metal object and belt 22 can be sup-
pressed. Even in such an event, stable communication
is achieved between data communication device 11 and
communication control device 1002.
[0033] Ground electrode 16 preferably extends to a po-
sition close to a leading edge of belt 22. Because of this
structure, ground electrode 16 circles the arm when belt
22 is worn around arm 1004a. This structure enables a
smaller change of distance between ground electrode 16
and ground electrode 1002b of communication control
device 1002 and a smaller change of direction that are
not affected by an arm posture including a direction and
a position of arm 1004a. Therefore, stable communica-
tion is achieved between data communication device 11
and communication control device 1002 without being
affected by the arm posture including the direction and
position of arm 1004a.
[0034] Body case 21 includes fitting case 211 and outer
case 212. Communication electrode 15 is disposed in a
center of fitting case 211 to be exposed at bottom face
21a. Outer case 212 is disposed on an outer side of fitting
case 211. Fitting case 211 and outer case 212 are sealed
together. An electric circuit including communication unit
13 and power source 12 is put in an internal space of
body case 21.
[0035] Belt 22 is inserted between fitting case 211 and
outer case 212, thus being joined to body case 21. Fitting
case 211 preferably includes, outwardly of an edge of
communication electrode 15, frame 21c that is made of
a resin. This structure can keep communication electrode
15 and ground electrode 16 apart from each other. Thus
communication signal attenuation that might be caused
by communication signal flow toward the ground elec-
trode can be suppressed.
[0036] Surface 16a of ground electrode 16 is preferably
positioned at a distance closer to front face 21d from
plane 15b. It is to be noted that front face 21d is a face
of body case 21 that is opposite from bottom face 21a.
Therefore, a shoulder, for example, is formed between
a side edge of bottom face 21a and a belt base where
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belt 22 is joined to side face 21b of body case 21. Because
of this structure, when belt 22 is worn around arm 1004a,
belt 22 comes into contact with the arm at a slight distance
from an outer edge of bottom face 21a of body case 21.
Therefore, when belt 22 is worn around arm 1004a,
ground electrode 16 can be restrained from being at a
smaller distance from communication electrode 15 near
the belt base.
[0037] It is preferable that communication electrode 15
be substantially flush with bottom face 21a. Because of
this structure, a shorter clearance can be achieved be-
tween communication electrode 15 and arm 1004a when
data communication device 11 is put on the arm. Com-
munication electrode 15 thus easily comes into contact
with arm 1004a. Consequently, during transmission of a
communication signal to arm 1004a, communication sig-
nal loss can be reduced. It is to be noted that communi-
cation electrode 15 may project from bottom face 21a,
so that the structure in which communication electrode
15 is substantially flush with bottom face 21a is not lim-
iting. It is also to be noted that communication electrode
15 may be disposed, for example, on the belt side (serv-
ing as fitting surface 11a) that faces plane 15b, so that
exposing communication electrode 15 at fitting surface
11a of body case 21 is not limiting.
[0038] A description is provided next of a structure that
enables data communication device 11 to be put on arm
1004a.
[0039] FIG. 11 is a perspective view of data commu-
nication device 11. FIG. 12 is a perspective view illus-
trating data communication device 11 with belt 22 fas-
tened.
[0040] The data communication device also includes
buckle 23. Buckle 23 is put on with fitting surface 11a
circling the arm while facing arm 1004a. Belt 22 has its
length adjusted by buckle 23, so that belt 22 can be held
around the arm. Data communication device 11 is pref-
erably put on with communication electrode 15 directly
touching the human body at its surface 15a. However,
every person has a different arm thickness. Therefore, it
is desirable that the length of belt 22 be adjusted freely.
For that purpose, buckle 23 desirably has a buckle mech-
anism. As is described below, the buckle mechanism is
an internally provided mechanism that immobilizes the
belt which is pressed by a pressing device (FIG. 10). This
means that buckle 23 does not have a pin that immobi-
lizes belt 22. This also means that belt 22 is not formed
with pin holes that each allow passage of the pin to im-
mobilize belt 22. Because the length of belt 22 can be
adjusted freely by this mechanism, a reduced clearance
can be achieved between communication electrode 15
and arm 1004a no matter how thick arm 1004a can be.
Therefore, communication signal loss can be reduced.
[0041] If belt 22 is to be formed with those pin holes,
ground electrode 16 needs to be formed to avoid the pin
holes. In other words, ground electrode 16 has voids that
correspond to the pin holes, respectively. However, belt
22 with the buckle mechanism does not have to have the

pin holes, so that ground electrode 16 does not have to
have those voids corresponding to the pin holes. There-
fore, any dimension of ground electrode 16 can be uni-
form without being affected by the direction of arm 1004a.
When seen externally, ground electrode 16 has, in a di-
rection orthogonal to a direction from its base to its lead-
ing edge, a width that is uniform from its base to its leading
edge.
[0042] As illustrated in FIG. 10, buckle 23 having the
buckle mechanism includes, for example, buckle body
231, space 232, and an immobilizing assembly 233. Im-
mobilizing assembly 233 is joined to buckle body 231.
Space 232 is formed between buckle body 231 and im-
mobilizing assembly 233. When data communication de-
vice 11 is put on arm 1004a, the leading edge of belt 22
is inserted through space 232. Immobilizing assembly
233 is pressed against belt 22 in this state. Belt 22 is
inserted between immobilizing assembly 233 and buckle
body 231, thus being held by this structure.
[0043] Buckle 23 is disposed at an outer-surface-end
side of body case 21. It is to be noted that body case 21
may also serve as a part of buckle 23. In other words,
buckle 23 may include outer case 212 forming buckle
body 231, and fitting case 211 having bottom face 21a
as fitting surface 11a. In this case, bottom face 21a of
fitting case 211 defines fitting surface 11a of buckle 23.
Moreover, front face 21d of outer case 212 also serves
as a front face of buckle body 231. Having this structure,
buckle 23 can have a reduced thickness. Moreover,
buckle 23 and body case 21 can be put into one place
on belt 22. Therefore, a satisfactory fit is provided when
data communication device 11 is put on arm 1004a.
[0044] It is to be noted that front face 21d of body case
21 may be independent of buckle body 231, so that the
structure in which body case 21 also serves as buckle
body 231 is not limiting. In other words, buckle 23 may
include buckle body 231, outer case 212, and fitting case
211. In this case, buckle body 231 is fixed to body case
21 while overlapping the outer-surface-end side of body
case 21, namely, front face 21d. Because of this struc-
ture, buckle 23 can be replaced with ease. Therefore,
wearer 1004 can replace buckle 23 with buckle 23 having
a design that is to his or her taste. Even in this case,
buckle 23 and body case 21 can be put into one place
on belt 22.
[0045] Body case 21 may be disposed at a different
position than buckle 23, so that disposing body case 21
at a fitting-surface-end side of buckle 23 is not limiting.
In this case, body case 21 is not disposed to overlap
buckle 23. In other words, body case 21 is joined to belt
22 between buckle 23 and the leading edge of belt 22.
Belt 22 is joined to buckle 23. Belt 22 is joined to buckle
body 231 in this case. In this case, communication elec-
trode 15 may be disposed at a fitting-surface-end side of
belt 22 or buckle body 231, so that disposing communi-
cation electrode 15 at body case 21 is not limiting. These
structures enables buckle 23 to have a reduced thick-
ness. With data communication device 11 being put on
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arm 1004a, body case 21 attached to arm 1004a prefer-
ably faces buckle 23 across arm 1004a. This structure
can reduce discomfort when put on arm 1004a.
[0046] A detailed description is provided next of immo-
bilizing assembly 233. Immobilizing assembly 233 pref-
erably includes immobilizing part 233a and immobilizing
part 233b. Immobilizing parts 233a and 233b are provid-
ed side by side in a direction that belt 22 passes. Belt 22
is inserted into space 232a between immobilizing part
233a and buckle body 231 in a direction from fitting sur-
face 11a toward outer surface 11b. Buckle 23 is then
inserted into space 232b between immobilizing part 233b
and buckle body 231 in a direction from outer surface
11b toward fitting surface 11a. Because of this structure,
insertion of belt 22 takes place at two locations: one be-
tween immobilizing part 233a and buckle body 231 and
the other between immobilizing part 233b and buckle
body 231. Therefore, belt 22 is not easily slackened.
[0047] The leading edge of ground electrode 16 is pro-
vided at an end of belt 22 that is opposite from where
belt 22 is joined to body case 21. In other words, ground
electrode 16 desirably extends to have its leading edge
at the leading edge of belt 22. Having this structure,
ground electrode 16 circles arm 1004a. Consequently,
stable communication can be achieved without being af-
fected by the direction of arm 1004a.
[0048] It is to be noted that ground electrode 16 may
extend to where its leading edge at least overlaps buckle
23 with belt 22 being inserted through space 232, so that
ground electrode 16 that extends to have its leading edge
at the leading edge of belt 22 is not limiting. In this case,
outer case 212 or buckle body 231 is preferably made of
a metal to be electrically connected to ground electrode
16. Thus outer case 212 or buckle body 231 also func-
tions as a ground electrode. Resulting ground electrode
16 thus formed in this structure can circle arm 1004a. In
this case, belt 22 passes by respective outer surfaces of
outer case 212 and buckle body 231. Insulator 22a is a
covering serving as a surface layer of belt 22. This can
mean that there is a smaller possibility of contact between
wearer 1004 and outer case 212 or buckle body 231.
This can also mean that there is a smaller possibility of
contact between a metal object and outer case 212 or
buckle body 231. Consequently, stable communication
can be achieved.
[0049] More desirably, the ground electrode extends
so that its leading edge overlaps its base. Ground elec-
trode 16 thus formed to have this structure can circle arm
1004a. In this particular case, because ground electrode
16 formed can circle arm 1004a, each of outer case 212
and buckle body 231 can be made of a resin. If outer
case 212 and buckle body 231 are each made of the
resin, stable communication can be achieved even when
a metal object or the like comes into contact with, for
example, outer case 212 or buckle body 231.

(Variation)

[0050] FIG. 25 is a perspective view of data commu-
nication device 51 which is a variation. FIG. 26 is an ex-
ploded perspective view of data communication device
51. Data communication device 51 is the variation of data
communication device 11. Unlike data communication
device 11, data communication device 51 includes belt
52 instead of belt 22. Belt 52 differs from belt 22 in that
belt 52 connects with two opposite side faces of body
case 21. Ground electrode 16 is contained inside belt 52
that extends from both of the side faces of body case 21.
In other words, ground electrode 16 extends out of body
case 21 in opposite directions. Therefore, body case 21
is disposed at a middle part of belt 52.
[0051] Unlike data communication device 11, data
communication device 51 includes buckle 53 instead of
buckle 23. Buckle 53 is a pin type buckle. In this case,
buckle 53 includes ring 531, opening 532, and pin holes
533. Ring 531 is formed at one end of belt 52. Ring 531
has opening 532 that allows passage of the belt. Pin holes
533 are formed between ring 531 and body case 21. An
opposite end of belt 52, on the other hand, has pin 534.
It is to be noted here that belt 52 has the plurality of pin
holes 533. Therefore, pin 534 is inserted into any one of
the plurality of pin holes 533 to adjust length of belt 52.
In other words, wearer 1004 inserts pin 534 into pin hole
533 that is right for his or her arm thickness to fit data
communication device 51 to arm 1004a.
[0052] Ground electrode 54 is contained inside belt 52.
Ground electrode 54 here has slit 541 corresponding to
an area formed with the plurality of pin holes 533.
[0053] The above exemplary embodiment has been
described above as being illustrative of the technique of
the present disclosure. However, the technique of the
present disclosure is not limited to the above exemplary
embodiment and is also applicable to exemplary embod-
iments including appropriate changes, replacements, ad-
ditions, and omissions. Moreover, the constituent ele-
ments described in the exemplary embodiment can be
combined in a new exemplary embodiment.

INDUSTRIAL APPLICABILITY

[0054] A data communication device according to the
present disclosure is effective in achieving stable com-
munication and thus is useful as a device that is fitted to
a human body for intra-body communication.

REFERENCE MARKS IN THE DRAWINGS

[0055]

11, 51: data communication device
11a: fitting surface
11b: outer surface
12: power source
13: communication unit

11 12 



EP 3 731 438 A1

8

5

10

15

20

25

30

35

40

45

50

55

13a: transmitter
13b: receiver
13c: control circuit
13d: memory
14: communication antenna
15: communication electrode
15a: surface
15b: plane
16, 54: ground electrode
16a: surface
16b: surface
17: ground
18: external input and output interface
19: display unit
21: body case
21a: bottom face
21b: side face
21c: frame
21d: front face
22, 52: belt
22a: insulator
23, 53: buckle
211: fitting case
212: outer case
231: buckle body
232: space
232a: space
232b: space
233: immobilizing assembly
233a, 233b: immobilizing part
531: ring
532: opening
533: pin hole
534: pin
541: slit
1001: data communication system
1002: communication control device
1002a: communication electrode
1002b: ground electrode
1002c: communication unit
1003: ground
1004: wearer
1004a: arm
1004b: finger
1004c: hand

Claims

1. A data communication device comprising:

a belt;
a buckle joined to the belt, the buckle including
a fitting surface;
a communication electrode disposed at the
buckle, the communication electrode being ex-
posed at the fitting surface; and
a communication unit disposed at the buckle,

the communication unit being electrically con-
nected to the communication electrode,
wherein the buckle includes a buckle mecha-
nism.

2. The data communication device according to claim
1, further comprising a body case that includes an
outer surface opposing the fitting surface,
wherein the buckle is provided at the outer surface
of the body case, and
wherein the communication electrode is exposed at
the body case.

3. The data communication device according to claim
2, wherein the body case also serves as a part of
the buckle.

4. The data communication device according to claim
1, wherein:

the buckle includes:

a buckle body;
an immobilizing assembly joined to the
buckle body; and
a space that allows a leading edge of the
belt to pass through, the space being
formed between the immobilizing assembly
and the buckle body; and

the immobilizing assembly presses the belt
when the belt is inserted through the space.

5. The data communication device according to claim
4, wherein the immobilizing assembly includes a first
immobilizing part and a second immobilizing part that
are provided side by side in a direction that the belt
is inserted.

6. The data communication device according to claim
4, further comprising a ground electrode including
one end and an opposite end, the one end being
electrically connected to a ground of the communi-
cation unit inside the body case, the opposite end
having a leading edge, the ground electrode being
contained inside the belt,
wherein the ground electrode extends to where the
leading edge of the ground electrode overlaps the
buckle with the belt being inserted through the sp
ace.

7. The data communication device according to claim
6, wherein the ground electrode extending has a
leading edge at a position where the buckle is joined
to the belt.

8. The data communication device according to claim
6, wherein the ground electrode has a uniform width.
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9. A data communication device comprising:

a body case including a bottom face and a side
face;
a belt joined to the body case at the side face of
the body case;
a power source housed in the body case;
a communication unit that is driven by the power
source;
a communication electrode connected to the
communication unit, the communication elec-
trode being exposed at the bottom face of the
body case; and
a ground electrode that is plate-shaped, the
ground electrode being connected to a ground
of the communication unit inside the body case,
wherein the belt at least partly includes an insu-
lator,
wherein the ground electrode includes a second
surface covered by the insulator, and
wherein the second surface extends out of the
body case to face a first plane extending, as an
extension of a surface of the communication
electrode, beyond the body case.

10. The data communication device according to claim
9, wherein the ground electrode includes a third sur-
face opposite from the second surface and is con-
tained inside the belt with the third surface being cov-
ered by the insulator.

11. The data communication device according to claim
10, wherein the ground electrode extends to a posi-
tion close to a leading edge of the belt.

12. The data communication device according to claim
9, wherein the body case includes, outwardly of an
edge of the communication electrode, a frame com-
prising a resin.

13. The data communication device according to claim
9, wherein:

the body case includes a front face opposite
from a bottom face; and
the second surface of the ground electrode is
positioned at a distance closer to the front face
from the first plane.

14. The data communication device according to claim
9, wherein the communication electrode is substan-
tially flush with the bottom face or projects from the
bottom face.
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